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(57) Abstract: The present invention employs a power control methodology that adapts to the transmission load associated with 
communications between a base station and a mobile terminal. In one example embodiment, the base station gradually adjusts 
the power data transmitted to the mobile terminal based on that associated transmission load. As a result, radio channel quality 
measurements influenced by that base station data transmission to the mobile terminal are not significantly affected by the transmit 
power adjustment. In other words, the rate at which the transmit power is changed is slower than the rate at which mobile stations 
measure channel quality. For example, mobile terminals may detect a signal-to-interference ratio every time slot and use that quality 
measurement for purposes of selecting a maximum transmission rate for the next time slot. The transmit power might be changed 
by an incremental amount once every ten time slots. By only gradually changing the base station transmit power, the accuracy of the 
mobile terminal channel quality estimates is not significantly affected. Moreover, if there is a relatively low transmission load, the 
base station does not waste resources or generate unnecessary interference by transmitting at maximum power. 
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POWER CONTROL IN A RADIO DATA COMMUNICATION SYSTEM 
ADAPTED USING TRANSMISSION LOAD 

FIELD OF THE INVENTION 

The present invention relates to data communications in a radio 
5 commionications system, and more specifically, to adaptation of a radio link between a base 
station and a mobile terminal based on a current radio communication condition. 

BACKGROUND AND SUMMARY OF THE INVENTION 

There is an ever increasing convergence of the media industry (including 
television, video, three dimensional graphics, electronic publishing, and entertainment), the 
10 computer industry (including desktop computing, personal computers connected by local 
area networks, electronic mail, web sites etc.), and the telecommunications industry (both 
fixed and wireless communications networks). All of these converging industries rely on 
high-speed data communication capabilities. 

High-speed data communication is particularly important for Internet 
15 communications. The Internet offers access to an extraordinary variety of information 

resources across the world. Typically, users make that access from a fixed location, such as 
their home, business, or school. However, cellular telephones, coupled with an increasing 
variety of other wireless devices, such as wireless laptops and personal digital assistance 
(PDAs), are changing otherwise fixed points of access to the Internet to include mobile 
20 access by these types of mobile terminals. For the sake of simplicity, the term "mobile 
terminal" is used to encompass all types of wireless devices. 

Mobile radio packet data communications employ a different model than the 
circuit-switched model used, e.g., for traditional mobile radio voice communications. In 
circuit-switched communications, each communication link is allocated a dedicated radio 
25 channel, i.e., a frequency in an FDMA system, a time slot in a TDMA system, or a code in 
a CDMA system, for the duration of the communication with a mobile radio. Data to 
other users is-not delivered over that dedicated channel, even if there are periods of silence- 
in the communication when no data is being transmitted. Thus, although circuit-switched 
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channels ensure minimal delay and a guaranteed bit rate, which is important for certain 
applications like voice communications, they are typically underutilized and also are usually 
limited in bandwidth. That limited bandwidth, while acceptable for certain applications 
like voice communications, is not well suited for many high speed data applications that 
require considerably more bandwidth. 

Packet-based data communications are better suited for high speed data 
communications. Data packets are delivered individually using a "best effort," packet- 
switched network like the Internet. Individual packet routing means that the bandwidth 
may be used efficiently and that higher bandwidth applications may be accommodated. 
While wireline data terminals, e.g., personal computers, are capable of utilizing higher, 
packet-switched network bandwidth, wireless data terminals are at a considerable 
disadvantage. The bandwidth of the radio interface separating the wireless data terminals 
from wireline, packet-switched networks like the Internet is limited. 

Accordingly, considerable efforts are being made to increase the bandwidth 
for wireless data communication. That increased bandwidth is particularly important in 
the radio "down link" direction from the radio network to the mobile terminal. For 
example, a mobile terminal user might send in the radio "up link* direction, a low 
bandwidth request, e.g., a command, to download a web page from a site on the Internet. 
Downloading the web page and other information (especially graphics) from that web site 
requires considerably more bandwidth. 

Thus, some current designs for cellular systems based on Code Division 
Multiple Access (CDMA) are focusing different models for achieving high speed data rates 
on the radio downlink. It may be optimal to multiplex several low data rate channels (with 
transmissions made orthogonal in the code domain) and share the available base station 
transmitted power using some form of power control. But this approach is less optimal 
when a small number of high data rate users share that common bandwidth. Inefficiencies 
increase even further when the same bandwidth is shared by low rate voice and high rate 
data users. Accordingly, in some current CDMA designs, low rate data services such as 
voice are separated from high rate data services using adjacent, non-overlapping spectrum 
allocations. Using a dedicated portion of the spectrum, high data rate downlink packet 
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transmissions, as shown in Figure 1, are time-multiplexed and transmitted at full power 
with data rates and slot lengths varying according to user channel conditions. When the 
user-transmission-queues are emp^ 

of short pilot bursts and periodic transmissions of control information. The pilot bursts 
allow the mobile terminals to estimate the current channel conditions over the downlink 

Another problem confronting data communications over the radio interface 
is the variable quality of the radio channel or link from base station to mobile terminal 
(downlink). The detected radio channel or link quality depends on a number of factors 
including the transmit power level, the distance between the mobile terminal and a 
transmitting base station in the radio network, interference from other transmitting base 
stations and mobile terminals, path loss, shadowing, short term multi-path fading, etc. If 
the channel quality is good, the base station may modify the signal transmission parameters 
to increase the data transmission rate from the base station to the mobile terminal. On the 
other hand, if the channel quality is bad, the signal transmission parameters may need to be 
adjusted to lower the data transmission rate to ensure that the signal is reliably received. 

The process of modifying one or more signal transmission parameters to 
compensate for channel quality variations is sometimes referred to as "link adaptation," 
where "link" refers to the radio link between a base station and a mobile terminal. Link 
adaptation may be accomplished by changing the transmit power of the base station, e.g., 
increasing the transmit power level for data transmitted to mobile terminals with a bad 
channel quality. Link adaptation may also be accomplished by changing the type of 
modulation and the amount of channel coding applied to the data to be transmitted by the 
base station. Moreover, link adaptation may be performed in the uplink by the mobile 
terminal. 

Each base station may be divided into multiple sectors, where each sector 
serves a particular portion of the geographical area surrounding the base station. For 
example, each sector of a three sector base station serves approximately one third of the 
total geographical area surrounding that base station. Sometimes a base station or a base 
station sector is more generally referred to as an "access point" because it is a "point"- - - 
where a mobile terminal may obtain access to the radio network. 
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The mobile terminal estimates the channel quality by measuring the signal 
quality of pilot signals or other broadcast signals transmitted by nearby "candidate" base 
station sectors, where some of the sectors may be associated with different base stations. 
Based on the estimated channel qualities, the mobile terminal determines a maximum data 
rate at which the mobile terminal can receive data for each base station sector and selects 
the sector with the highest data rate. The mobile terminal sends a rate/ sector request 
message to one or more base stations in the radio network including information about a 
current estimate of a maximum supportable transmission rate as well as the currently 
requested sector to make the downlink transmission to the mobile terminal. That message 
also identifies a currendy requested base station. 

The performance of a link adaptation scheme depends on the accuracy of 
the signal quality measurement made by the mobile terminal. It is especially important that 
the signal quality measurements do not over-estimate the future signal quality. In the case 
of over-estimation, the link adaptation will select transmission parameters that are not 
sufficiently robust for the actual channel condition. Ideally, the goal of the mobile terminal 
is to accurately estimate a future radio channel condition at the time when the data packet 
transmission from the base station to the mobile terminal occurs. In other words, the 
mobile terminal should predict as accurately as possible the radio channel condition at 
some point in time in the future. A simple estimation technique is to measure the current 
signal quality at the mobile terminal of a signal received from the base station. Non- 
limiting examples of signal quality measurements include signal-to-noise ratio (Eb/N 0 ) and 
carrier-to-interference ratio (C/I). These current signal quality measurements are the 
estimates of the radio channel condition when the future packet transmission occurs. If 
the delay between the measurement and the actual packet transmission is sufficiently small, 
and if the actual signal quality measurements are accurate, this simple prediction technique 
is quite acceptable. For purposes of the following description, the measured signal quality 
is assumed to be carrier-to-interference ratio (C/I). 

The carrier-to-interference ratio detected for a base station sector pilot signal 
received by a mobile terminal is affected by several factors which are generally divided into 
two groups: (1) the power of the signal whose quality is to be determined, and (2) the 
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amount of noise and interference. If the interference from other transmitting base station 
sectors could be ignored, then the mobile terminal could simply decode each base station 

sector , s_pilot_signal,_and_the accurac y of the signal quality mea surement would be 

independent of the transmission of these other base station sectors. However, the 
transmissions from other base station sectors cannot be ignored. In fact, the interference 
detected by a mobile terminal may largely be attributable to other, non-selected base 
station sector transmissions. 

Thus, in order to obtain an accurate signal quality measurement, it is 
desirable for all base station sectors to transmit at full power when the mobile terminal is 
measuring signal quality, regardless of the amount of data to transmit from each sector. 
Consider the signal quality estimation example shown in Figure 2 for a synchronous, time 
division multiplex (TDM) radio communications system. In a synchronous TDM system, 
the time-multiplexed pilot symbols for each of the base station access points are 
transmitted at the same time as shown in Fig. 2. The mobile terminal can time its 
measurement to occur during a time period when all of the base station access points are 
transmitting their pilot signals. 

If one or more base station access points does not transmit at full power 
when the mobile terminal measures the signal quality of the received pilot signal, the signal 
quality measurement may reflect a higher channel quality than what will actually exist when 
the data transmission occurs. Indeed, at the time the data transmission occurs, one or 
more inactive base station access points may have just started transmitting. One way of 
ensuring accurate signal quality estimates is to have all the base station access points 
transmit at full power during the pilot measurement time interval. 

To ensure a "worst-case" signal quality estimate (i.e., correct or under- 
estimated signal quality), all of the base station access points must be synchronized so that 
all mobile terminals know that all base station access points are active during the 
measurement time period. Unfortunately, in asynchronous radio communications, it is 
unlikely that all base station access points, e.g., sectors, are actively transmitting during the 
same measurement time interval. A simplified, asynchronous TDM example for two base _ 
station access points is shown in Fig. 3, where the time-multiplexed pilot and data time 
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slots for each access point are offset from each other. If the signal quality measurement is 
made by the mobile terminal during a first time period Mi, both base station access points 
are transmitting at full power for both pilot and data. Therefore, an accurate estimate of 
the future signal quality, (e.g., C/I), when the information will be transmitted is obtained. 
On the other hand, during measurement time interval M2, the access point 1 is not 
transmitting at full power for the full measurement time interval M2. Therefore, a more 
favorable, and possibly incorrect, signal quality estimate is detected by the mobile 
terminal. 

Fig. 4 shows a simplified example where the pilot and user data in each time 
slot are code multiplexed. The pilot is a fraction, e.g., 10%, of the total base station power 
and the user data is transmitted with the remaining power. In this case, when only the 
pilot is transmitted, as shown in measure time interval M2, only a small percentage, e.g., 
10%, of the base station transmit power is detected as interference by a monitoring mobile 
terminal. 

One way of addressing this problem of inaccurate signal quality 
measurements in both synchronous and asynchronous systems is for all base station access 
points to transmit at full power continuously. This approach is illustrated for a TDM-type 
system in Fig. 5. If there are no data symbols to be sent, "dummy" data symbols are 
transmitted in the data field. This approach works as well in a CDM-type system shown in 
Fig. 6. The dummy data bits transmitted in the second time slot for base station access 
point 2 ensure that full transmit power is detected during measurement time intervals Mi 
and M2. In this way, the signal quality measurement by a mobile terminal is assured to be a 
worst case estimate over each time slot. 

A downside with all access points continuously transmitting at full power is 
the waste of resources. Although fewer resources are wasted when the system is heavily- 
loaded and dummy symbols are rarely transmitted, this is not the case during low traffic 
periods. In addition to increasing power consumption, such full power transmission 
unnecessarily increases the general interference level (which reduces overall system 
capacity) as well as cooling needs at the base station. 
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These problems are avoided by the present invention. The transmission 
load between base station and mobile terminal is taken into account in controlling transmit 
power-levels.—This-ttansnriss^ 

channel quality estimates is not significantly affected. While in a preferred example 
embodiment, the transmission load is in the downlink direction and the base station 
transmit power level is controlled, the invention may be employed in the opposite, uplink 
direction to implement mobile terminal power control. 

The present invention employs a power control methodology that adapts to 
the transmission load associated with communications between a base station and a mobile 
terminal. The base station gradually adjusts the power data transmitted to the mobile 
terminal based on that associated transmission load. As a result, radio channel quality 
measurements influenced by that base station data transmission to the mobile terminal are 
not significantly affected by the transmit power adjustment. In one example 
implementation, the rate at which the transmit power is changed is slower than the rate at 
which mobile stations measure channel quality. For example, mobile terminals may detect 
a signal-to-interference ratio every time slot and use that quality measurement for purposes 
of selecting a maximum transmission rate for the next time slot. The transmit power 
might be changed by an incremental amount once every ten time slots. In another 
example implementation, an even smaller incremental change is made every time slot. In 
both implementations, gradual changes to the base station transmit power do not 
significantly affect the accuracy of the mobile terminal channel quality estimates. 
Moreover, if there is a relatively low transmission load, the base station does not waste 
resources or generate unnecessary interference by transmitting at maximum power. 

In a preferred, non-limiting, example implementation, a base station includes 
plural sectors, each sector includes signal processing and radio transceiving circuitry, a 
transmit buffer for storing packets to be transmitted to a mobile terminal, and data 
processing circuitry that adjusts the power at which the data packets are transmitted to the 
mobile terminal. That adjustment of transmit power is based upon the transmission load, 
e.g., number of packets to transmit, over a predetermined time period associated with the 
communication between the base station and mobile terminal. In one example 
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implementation, the predetermined time period is preferably greater than one time slot 
during which the packet information is sent. In another example implementation, the 
predetermined time period may correspond to one time slot, but the amount of adjustment 
to the transmit power is relatively small. 

In one non-limiting example, an average transmission load is determined 
based on a current amount of packet data stored in the transmit buffer corresponding to 
the mobile terminal, and an earlier amount of packet data previously detected and 
transmitted from the transmission buffer. If the current amount of data exceeds the 
previously transmitted amount of data, the transmit power is increased by an incremental 
amount (e.g., up to a maximum value). Conversely, if the current amount of data does not 
exceed the amount of data previously sent, the transmit power is decreased by an 
incremental amount (e.g., down to a minimum value). The adjustment of the base station 
sector transmit power may occur less frequently than the frequency at which mobile 
terminals determine the signal quality of base station transmissions. Alternatively, the 
incremental amount of change is made even smaller for more frequent power changes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, and advantages of the invention 
will be apparent from the following description of preferred, non-limiting example 
embodiments, as well as illustrated in the accompanying drawings. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of the 
invention. 

Fig. 1 is a graph illustrating a time multiplexed channel configuration used to 
transmit information for high data rate users; 

Fig. 2 is a diagram showing estimation of signal quality by a mobile terminal 
in a synchronous system with time-multiplexed pilot symbols; 

Fig. 3 is a diagram that illustrates signal quality estimation by a mobile 
terminal in an asynchronous system with time-multiplexed pilot symbols; 
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Fig. 4 is a diagram that illustrates signal quality estimation by a mobile 
terminal in an asynchronous system with code-multiplexed pilot symbols; 

FigT Sls^diagrarrTillustrating signal^u^ty "^tii^ion in an asynchronous 
system with time-multiplexed pilot symbols in which all base station access points 
continuously transmit at full power; 

Fig. 6 is a diagram illustrating signal quality estimation in an asynchronous 
system with code-multiplexed pilot symbols in which all base station access points 
continuously transmit at full power; 

Fig. 7 is a diagram illustrating a mobile terminal connection with the 

Internet; 

Fig. 8 is a diagram illustrating an example of three adjacent, sectored base 

stations; 

Fig. 9 is a diagram illustrating a transmit power adjustment method in 
accordance with one example embodiment of the invention; 

Fig. 10 is a diagram illustrating an example of the present invention; 

Fig. 11 is a non-limiting example of a mobile communication system in 
which the present invention may be employed; 

Figs. 12 and 13 are function block diagrams illustrating in simplified form a 
base station and a mobile terminal that may be used in implementing the present 
invention; and 

Fig. 14 illustrates example base station transmit power regulation procedures 
in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In the following description, for purposes of explanation and not limitation, 
specific details are set forth, such as particular embodiments, procedures, techniques, etc., 
^.9*4? 1° J£0™le i thprough ^4?rst^ding °f the present invention. However, it will be^ 
apparent to one skilled in the art that the present invention may be practiced in other 
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embodiments that depart from these specific details. For example, the present invention 
may be employed in any type of radio access system including frequency, time, and code 
division multiple access systems. In other instances, detailed descriptions of well know 
methods, interfaces, devices and signaling techniques are omitted so as not to obscure the 
description of the present invention with unnecessary detail. Individual functional blocks 
are shown in some of the figures. Those skilled in the art will appreciate that the functions 
may be implemented using individual hardware circuits, using software functioning in 
conjunction with suitably programmed digital microprocessor or general purpose 
computer, using an application-specific integrated circuit (ASIC), and/or using one or 
more digital signal processors (DSPs). 

One scenario in which high speed data may need to be transmitted from the 
UTRAN over the radio interface to a mobile terminal is when the mobile terminal requests 
information from a computer attached to the Internet, e.g., a web site. Figure 7 illustrates 
this scenario. The mobile terminal communicates over the radio interface with the 
Internet by way of a base station and an Internet Service Provider (ISP). As described 
earlier, the maximum transmission rate for transmitting data to meet certain performance 
levels, (e.g., a particular bit error rate), from the base station to the mobile terminal 
depends on the current radio channel quality between the base station and the mobile 
terminal. Example measures of the channel quality are signal-to-noise ratio (Eb/N Q ) or 
signal-to-interference ratio (C/I). The mobile terminal determines the maximum data rate 
in view of that channel quality for a given level of error performance, using for example a 
preconfigured look up table, and provides that data rate information back to the base 
station. 

Reference is made to Figure 8 which shows three base stations BS1, BS2, 
and BS3 each having three sectors Si, S2, and S3. Each non-sectored base station and 
each sector of a sectored base station is considered an access point. In the following 
description, access points correspond to base station sectors. A first mobile terminal MTl 
is located on the border between sectors SI and S3 of base station BSl. A second mobile 
terminal MT2 is located in a region where all three base station coverage areas overlap. 
Both mobile terminals monitor the signal quality of the pilot channel transmissions from 
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nearby base station sectors. The mobile terminal maintains a "candidate set" listing those 
sectors from which acceptable quality pilot channel signals are received. The signal 
qualities of those sectors in-the-candidate-set-are-monitored-at-a-high rate; — 

Each mobile terminal determines the signal quality of the pilot signals 
received from sectors in its candidate set. The signal quality values are each mapped to a 
value representing a maximum data rate for a given level of error performance. The 
mobile terminal requests the base station sector in its candidate set based on some criteria, 
e.g., the sector with the highest maximum data rate, and sends the sector/rate information 
to that sector. For high speed packet data transmission in the preferred example 
embodiment, only the requested sector transmits data to the mobile terminal at any given 
time. 

The performance of a link adaptation scheme depends on the accuracy of 
the signal quality measurements made by mobile terminals. As described earlier, the goal 
of the mobile terminal signal quality measurements is to accurately estimate a future radio 
channel condition at the time when a data packet transmission from a base station sector 
to the mobile terminal occurs. Current signal quality measurements may be quite 
acceptable estimates of channel conditions for future packet transmissions if the delay 
between the measurement and the actual packet transmission is sufficiently small. 
However, the accuracy of the signal quality measurements depends on how well the 
current interference level reflects the actual interference level at the time of transmission. 
Although continuous, full power transmission from all neighboring access points provides 
the most conservative, worst case signal measurements, this approach is wasteful of power 
resources, unnecessarily increases the general interference level (thereby reducing overall 
system capacity), and unnecessarily increases cooling needs at the base station. 

These problems are avoided by the present invention which employs a 
transmission load between base station and a mobile terminal to control transmit power 
levels. This transmission load power control is implemented so that the accuracy of future 
channel quality estimates is not significantly affected. 
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Fig. 9 illustrates a general example embodiment for adjusting the transmit 
power of a base station access point or a mobile terminal in accordance with the present 
invention. First, the transmission load associated with a base station and a mobile terminal 
communication is determined for a predetermined time period (block 1). Based on that 
transmission load, the base station access point or the mobile terminal regulates its 
transmit power (block 2). Although the following example embodiment is described in the 
context of downlink transmissions between a base station and a mobile terminal, the 
present invention may also be employed in the uplink direction from the mobile terminal 
to the base station, where the mobile terminal regulates its transmit power based on the 
transmission load. 

In a downlink example, Figure 10 illustrates for one example 
implementation how the present invention regulates base station transmit power without 
adversely impacting signal quality measurements by mobile terminals. One time slot is 
shorter than a base station adjustment time period. For example, while a time slot may be 
on the order of one or two milliseconds, a time period may be on the order of ten to 
twenty milliseconds. Initially, the base station access point 1 (which could either a base 
station or a base station sector) transmits at maximum power to a first mobile terminal. 
During the second time slot 2, a second mobile terminal near BS access point 1 measures 
received signal quality. At time slot 2, the interference amount contributed by base station 
access point 1 is at a maximum. Therefore, the signal quality measurement reflects the 
worse case interference from BS access point 1. At time slot 4, base station access point 1 
continues to transmit at maximum power level. Since the amount of interference 
contributed by the base station access point 1 is the same in time slots 2 and 4, the signal 
quality estimate by the second mobile terminal for time slot 4 is accurate with respect to 
the interference contributed by BS access point 1. At the end of 10 time slots, 
corresponding in this example to a time period associated with adjusting the transmit 
power of base station access point 1, a decision is made by base station access point 1 that 
the transmission load to the first mobile terminal is decreasing. The base station access 
point 1 consequently decreases the transmit power at which it communicates with the first 
mobile terminal by an incremental amount. 
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An example incremental amount is 1.0 dB. If the base station adjustment 
time period is shorter, the incremental amount is preferably smaller. The goal is to ensure 
Agradualjttmsn^pjD^ 

amount should be fairly small, e.g., 0.1 dB in this non-limiting example. 

During time period 2, the second mobile terminal measures the interference 
level of base station access point 1 during time slot 10. The amount of interference which 
is contributed by base station access point is 1 dB less than the interference level measured 
during time period 1. At the end of the tenth time slot of time period 2, the base station 
decides that the transmission load to the first mobile terminal is decreasing. Accordingly, 
the base station access point 1 again decreases the transmit power at which it 
communicates with the first mobile terminal by another incremental amount, e.g., 1 dB. 
At time slot 2 in time period 3, the base station access point 1 transmits at a slightly lower 
interference level than measured by the second mobile terminal during time slot 10 in time 
period 2. Because the transmit power level of base station access point 1 is only gradually 
.reduced, the measurement of interference contributed by base station access point 1 is not 
significantly affected, at least as compared to a situation where the second mobile terminal 
measures a full power interference level during one time slot and then two time slots later, 
the actual transmit power level is zero when there is no data to send. 

At the end of ten time slots in time period 3, the base station access point 1 
again detects that the transmission load to the first mobile terminal is decreasing and again 
decreases the transmit power by 1 dB. Thus, the change of power from full power to a 3 
dB reduced power level occurs over thirty time slots; At the end of time period 4, the base 
station access point 1 detects an increase in the transmission load to the first mobile 
terminal and increases the transmit power at which it communicates to the first mobile 
terminal by an incremental amount, e.g., 1 dB. Accordingly, both decreases and increases 
in the base station access point transmit power occur incrementally and gradually over 
many time slots. 

In addition to substantially preserving the accuracy of mobile terminal signal 
qualityxhannel measurement estimates, the present invention includes the additional 
benefits of reducing the interference level (thereby increasing overall system capacity) as 
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well as reducing the waste of resources such as unnecessary power consumption and 
cooling requirements- 
One example, non-limiting environment in which the present invention may- 
be employed is in the context of a Universal Mobile Telecommunication System (UMTS) 
10 shown in Fig. 11. A representative, circuit-switched core network, shown as a cloud 12, 
may be for example the Public Switched Telephone Network (PSTN) or the Integrated 
Services Digital Network (ISDN). A representative, packet-switched core network, shown 
as a cloud 14, may be for example an IP network like the Internet. Both core networks are 
coupled to corresponding core network service nodes 16. The PSTN/ISDN circuit- 
switched network 12 is connected to a circuit-switched service node shown as a Mobile 
Switching Center (MSC) 18 that provides circuit-switched services. The packet-switched 
network 14 is connected to a General Packet Radio Service (GPRS) node 20 tailored to 
provide packet-switched type services. 

Each of the core network service nodes 18 and 20 connects to a UMTS 
Terrestrial Radio Access Network (UTRAN) 24 that includes one or more Radio Network 
Controllers (RNCs) 26. Each RNC is connected to a plurality of Base Stations (BS) 28 and 
to any other RNCs in the UTRAN 22. Radio communications between the base stations 
28 and Mobile Terminals (MT) 30 are byway of a radio interface. Radio access is based on 
WideBand CDMA (WB-CDMA) with individual radio channels distinguished using 
orthogonal spreading codes. Wideband CDMA provides wide radio bandwidth for 
multiple media services including packet data applications that have high data 
rate/bandwidth requirements. 

Figure 12 illustrates a base station in simplified function block format that 
may be used to implement the present invention. A base station controller 100 is coupled 
to multiple base station sectors 1-n identified as 102a-102n. Each sector includes signal 
and data processing hardware and software 104 as well as radio transceivers 105 coupled to 
one or more antennas. In this example, two antennas are shown for each sector 106 and 
108. Each of the sector antennas may be treated as "overlaid" sectors. The controller 100 
is coupled to data transmission queues 101. Each data transmission queue stores packets 
to be transmitted for an active connection with a mobile terminal. The controller 100 
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adjusts the power level of the radio transceiving circuitiy 105 in each sector in accordance 
with a data packet transmission load associated with an active connection with a mobile 

terminals- In-addition r dependmg-upon-seGtor-^^ 

controller 100 quickly switches the transmission queue output to the selected sector. 

A simplified function block diagram of a mobile terminal that may be used 
to implement the present invention is shown in Fig. 13. A controller 110 is coupled to a 
radio transceiver 112, signal and data processing circuitry 116, and a signal quality detector 
118. The radio transceiver 112 is coupled to an antenna 114. In a non-limiting, example 
embodiment, both the base station and the mobile terminal employ a spread spectrum 
radio access communication technique. The mobile terminal uses the signal quality 
detector 118 to detect the signal quality (e.g., signal-to-noise ratio) for each received sector 
pilot signal in its candidate list. The controller 110 may map each signal quality to a 
particular modulation and/or code rate using for example a lookup table. Alternatively, 
the signal' quality could be forwarded to the base station and the corresponding modulation 
and code rate mappings could be made there. In an uplink power control implementation, 
the controller 110 controls the transmit power level of the radio transceiver 112 in 
accordance with a transmission load. 

Figure 14 illustrates an example, non-limiting implementation of the present 
invention in a base station access point power regulation routine that maybe performed by 
the base station. The power regulation is based on an average transmission load over one 
or more power control time periods. However, those skilled in the art will appreciate that 
the power regulation of a base station may also be performed by a base station controller 
connected to plural base stations, such as a radio network controller 26 shown in Fig. 11. 
The controller 100 in the base station detects the amount of data and/or dummy symbols 
(amount X) transmitted from the base station to the mobile terminal in a previous power 
control time period, where the length of the power control time period is greater than the 
length of a signal quality measurement time slot (block 200). The controller 100 also 
detects the amount (amount Y) of data stored in the corresponding transmission queue 
10 l„for this mobile jenim^ mdudmg the amount of any dummy symbols to be 
transmitted, to the mobile terminal in the current time period (block 202). A decision is 
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made in block 204 whether the current amount of data and/or dummy symbols Y is 
greater than an amount of data and/ or dummy symbols X transmitted during one or more 
previous time periods. If so, the controller 100 sends a command to the corresponding 
base station sector 102 to increase its current transmit power by an incremental amount A, 
up to a maximum power Pmax, i.e., Pi = Pi -i + A (block 206). Otherwise, the base station 
sector is instructed to decrement the transmit power by A down to a minimum power 
Pmim, i.e., Pi = Pi -i -A (block 208). The base station sector 102 having the best signal 
quality detected by the mobile terminal transmits the data packet information (including 
any dummy symbols), pilot signal, and any necessary control information to the mobile 
terminal via the signal and data processing circuitry 104 and radio transceiver circuitry 105 
(block 210). 

While the present invention has been described with respect to a particular 
example embodiments, those skilled in the art will recognize that the present invention is 
not limited to those specific embodiments described and illustrated herein. Different 
formats, embodiments, adaptations besides those shown and described, as well as many 
modifications, variations and equivalent arrangements may also be used to implement the 
invention. For example, although the description above focuses on downlink adaptation, 
the present invention may be used in uplink adaptation. Therefore, while the present 
invention is described in relation to preferred example embodiments, it is to be understood 
that this disclosure is only illustrative and exemplary of the present invention. 
Accordingly, it is intended that the invention be limited only by the scope of the claims 
appended hereto. 
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WHAT IS CLAIMED IS : 

1. A first radio station (BS or MT) configured to communicate with a second 



radio station (MT or BS) over a radio interface including signal processing and radio 
transceiving circuitry (102 or 112, 114, 116), a transmit buffer (101) storing data packets 

5 for transmission to the second radio station and coupled to the signal processing and radio 
transceiving circuitry, and data processing circuitry (100 or 110), coupled to the transmit 
buffer and to the signal processing and radio transceiving circuitry, the data processing 
circuitry characterized by being configured to adjust the transmit power at which the data 
packets are transmitted by the radio transceiving circuitry to the second radio station based 

10 on a transmission load over a predetermined time period associated with the 
communication between the first radio station and the second radio station. 

2. The first radio station in claim 1, wherein the predetermined time period is 
greater than one time slot of information in which packet data are sent. 

3. The first radio station in claim 1, wherein when the transmission load is 
15 increasing, the data processing circuitry is configured to control the radio transceiving 

circuitry to transmit the packet data at a higher transmit power, and wherein when the 
transmission load is decreasing, the data processing circuitry is configured to control the 
radio transceiving circuitry to transmit the packet data at a lower transmit power. 

4. The first radio station in claim 1, wherein the transmission load is an average 
20 transmission load determined using an amount of data sent to or to be sent to the second 

radio station over the predetermined time period. ------ 

5. The first radio station in claim 4, wherein the data processing circuitry is 
configured to perform the following tasks: 

detecting a first amount of packet data currently stored in the transmit buffer; 
25 comparing the first amount of packet data with a second amount of packet data 
- .previously detected in.the transmit buffer, and - - - - _ _ _ ._ .. . 
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determining the average transmission load using the first and second amounts of 
packet data. 

6. The radio station in claim 5, wherein if the first amount of data exceeds the 
second amount of data, then the data processing circuitry is configured to control the radio 
transceiving circuitry to increase by an incremental amount the transmit power of the 
transceiving circuitry. 

7. The radio station in claim 5, wherein if the first amount of data does not 
exceed the second amount of data, then the data processing circuitry is configured to 
control the radio transceiving circuitry to decrease by an incremental amount the transmit 
power of the transceiving circuitry. 

8. The radio station in claim 1, wherein the, first radio station is a mobile 
terminal and the second radio station is a base station. 

9. The radio station in claim 1, wherein the first radio station is a base station 
and the second radio station is a mobile terminal. 

10. The radio station in claim 9, wherein the adjustment to the transmit power 
occurs less frequently than a determination by the mobile terminal of a signal quality of a 
received base station transmission. 

1 1. The radio station in claim 1, wherein the base station includes plural sectors 
(Sl-Sn), at least one of the sectors including: 

signal processing (104) and radio transceiving circuitry (105); 

a transmit buffer (101) storing data packets for transmission to the mobile terminal 
and coupled to the signal processing and radio transceiving circuitry; and 

data processing circuitry (100), coupled to the transmit buffer and to the signal 
processing and radio transceiving circuitry, configured to adjust the transmit power at 
which the data packets are transmitted by the radio transceiving circuitry to the second 
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radio station based on a transmission load over a predetermined time period associated 
with the communication between the first radio station and the second radio station. 

12. A base station (28) transmitting information over a radio interface to mobile 
terminals (30), characterized in that the base station gradually adjusts the power that data is 
transmitted to a first mobile terminal based on a transmission load associated with the 
communication between the base station and the mobile terminal so that a radio channel 
quality influenced by the base station data transmission to the first mobile terminal is not 
significantly affected by the transmit power adjustment. 

13. The base station in claim 12, wherein the transmission load includes an 
average transmission load over a first time period. 

14. The base station in claim 13, wherein the radio channel quality is measured 
by another mobile terminal every second time period, the second time period being shorter 
than the first time period 

15. The base station in claim 14, wherein the radio channel quality is based on a 
ratio of a desired signal to undesired signals. 

16. The base station in claim 12, wherein as the transmission load increases, the 
power is increased, and as the transmission load decreases, the power is decreased. 

17. The base station in claim 12, further comprising plural sectors, at least one 
of the sectors being configured to gradually adjust the power that data is transmitted to a 
first mobile terminal based a transmission load associated with the communication 
between the base station and the mobile terminal so that a radio channel quality influenced 
by the base station data transmission to the first mobile terminal is not significantly 
affected by the transmit power adjustment. 

- - --I-87 A-method-for regulating a transmit power of a first radio station (BS or MT) - 
transmitting to a second radio station (MTT or BS) over a radio interface, comprising: 
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determining a transmission load associated with a communication between the first 
and second radio stations for a predetermined time period, and 

regulating the transmit power of the first radio station transmitting to the second 
radio station based on data transmission load. 

19. The method in claim 18, wherein the determining and regulating steps are 
performed in the base station. 

20. The method in claim 18, wherein the determining and regulating steps are 
performed in a base station controller (RNC) controlling plural base stations. 

21. The method in claim 18, wherein the data transmission load is an average 
data transmission load based on an amount of data packets to be transmitted to the second 
radio station over a current time period. 

22. The method in claim 21, wherein the average data transmission load is based 
on a number of data symbols transmitted to the second radio station over a previous time 
period. 

23. The method in claim 22, wherein the average data transmission load takes 
into account an amount of dummy symbols to be transmitted to the second radio station 
over a predetermined time period. 

24. The method in claim 22, wherein when the average transmission load is 
higher, the transmit power is higher, and wherein when the average transmission load is 
lower, the transmit power is lower. 

25. The method in claim 18, wherein the predetermined time period is greater 
than one time slot of information in which data are sent. 
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26. The method in claim 18, further comprising: 

detecting a first amount of data currently buffered to be transmit to the second 
radio" station; 

comparing the first amount of data with a second amount of data previously 
detected to be transmit to the second radio station; 

determining the data transmission load using the first and second amounts of 
packet data. 

27. The method in claim 26, wherein if the first amount of data exceeds the 
second amount of data, increasing by an incremental amount the transmit power. 

28. The method in claim 27, wherein if the first amount of data does not exceed 
the second amount of data, decreasing by ah incremental amount the transmit power. 

29. The method in claim 18, wherein the second radio station determines a 
signal quality of a first radio station transmission, and wherein the regulating step occurs 
less frequently than the signal quality determination by the second radio station. 

30. The method in claim 18, wherein the determining and regulating steps are 
performed for a base station transmitting to a mobile terminal. 

31. The method in claim 31, wherein the base station includes a base station 
sector (Sl-Sn). 

32. The method claim 18, wherein the first mobile station is a mobile terminal 
and the second mobile station is a base station. 
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